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Abstract 
 
The purpose of this work is the presentation a general framework to support the operational decisions for supply 
chain networks using a combination of optimization model and discrete-event simulation. The simulation model 
includes nonlinear and stochastic elements, whereas the optimization model represents a simplified version. Based 
on initial simulation runs cost parameters, production and transportation times are estimated for the optimization 
model. The solutions of the optimization model are translated into decision rules for the discrete-event simulation. 
This procedure is applied iteratively until the difference between subsequent solutions is small enough. This method 
is applied successfully to several test examples and is shown to delivery competitive results much faster compared to 
conventional mixed-integer models in a stochastic environment. It provides the possibility to model and solve more 
realistic problems (incorporating dynamism and uncertainty) in an acceptable way. 
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INTRODUCTION 
 
In recent  years intra-company supply chains 
have  been  growing  significantly  spanning 
production and distribution sites all over the 
world.  At  the  same  time  global  competition 
has  increased,  such  that  there  is  a  strong 
demand  for  new  decision  support  tools  on 
strategic,  tactical  and  operational  levels  of 
supply chain. 
 
MATERIALS AND METHODS 
 
As  a  basic  material  for  research  served  the 
sources  and  specialty  literature,  the  author 
investigations  in  the  field  on  supply  chain 
optimization. 
During  the  study  were  used  both  the 
traditional research methods, quantitative and 
qualitative analysis, comparative analysis and 
logic synthesis and generalization. 
 
RESULTS AND DISCUSSIONS 
 
Biswas  and  Narahari  (2004)  classified  the 
relevant  research  on  such  decision  support 
systems into the categories: 
1.Optimization  models  mainly  for  multi-
echelon inventory control. In most cases these 
models  are  deterministic  and  used  for 
strategic or tactical decisions. 
2.Analytical  performance  models,  which 
consider  a  dynamic  and  stochastic 
environment.  They  are  used  to  investigate 
design  or  principal  management  decisions. 
Such  systems  are  represented  as  Markov 
chains, Petri nets or queuing models. 
3.Simulation  and  information  models  which 
are  used  to  analyze  complex  dynamic  and 
stochastic situations and to understand issues 
of supply chain decision making. 
For the first and second categories, it is often 
necessary  to  make  several  simplifications 
from the real – world case in order to develop 
solvable  models.  Nevertheless  the  problem 
size is usually very limited. 
In this paper we develop a new solution, so 
we  are  able  to  combine  the  advantages  of 
models from all categories mentioned above 
by considering a detailed representation of a 
dynamic  and  stochastic  environment  and 
allow the application of optimization methods 
in this context. 
Our  investigations  are  based  on  a  general 
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facilities  (suppliers,  manufacturers, 
distributors)  and  different  transportation 
modes connecting these facilities. 
The goal is to reduce costs by simultaneously 
optimizing  the  production/  transportation 
schedule  and  reducing  inventory  levels.  We 
are aiming for a robust solution, in the sense 
that  a  stochastic  environment  is  considered. 
Comparing  our  problem  to  the  tasks  in  the 
supply  chain  matrix  (Stadtler,  2005),  the 
problem  is  a  combination  of  several 
operational  tasks:  production  planning, 
distribution planning and transport planning. 
Our  goal  is  to  achieve  an  optimal  operation 
plan for supply chain  network by combining 
optimization  models  and  simulation  models. 
We do not use the optimization on top of the 
simulation,  where  an  optimization  algorithm 
uses  the  simulation  model  as  a  black  –  box 
(Glover  et  al.,  1999).  Instead  we  include 
simulation  and  optimization  in  a  interactive 
process  in  order  to  gain  the  advantages  of 
optimization  (exact  solution)  and  simulation 
(nonlinearities,  complex  structure, 
stochasticity).  We  analyze  in  detail  the 
advantages and disadvantages of this approach 
and presents results for different test cases. 
The supply chain is represented as a discrete 
event  model  (D-E  model)  and  a  simplified 
version is modeled as an optimization model. 
We  start  by  performing  several  stimulation 
runs  in  order  to  get  average  values  of  the 
parameters  (e.g.,  unit  transportation  costs) 
which  are  then  fed  into  the  optimization 
model. After solving the optimization model 
the  result  is  transformed  into  decision  rules 
that are used in the discrete – event model. 
Aspect  of  the  integration  of  transport  and 
production  planning  within  supply  chains 
have  been  investigated  in  several  papers 
(Erengc  et  al.,  1999).    Combined  planning 
approaches for different decision levels (e.g. 
tactical  and  operational  decisions)  can  be 
found  in  Mayr  (2002)  and  Schneeweiss 
(2003). In general the problems solved with 
MIPs include several simplifications in order 
to keep them solvable. 
In  the  field  of  supply  chain  simulation 
Kleijnen  (2005)  gave  a  short  overview  of 
simulation  tools  and  techniques  used  for 
supply chains. He distinguished between four 
different approaches: spreadsheet simulation, 
system  dynamics,  discrete  –  event  dynamic 
systems  simulation,  and  business  games. 
Numerous  software  packages  for  discrete  – 
event  simulation  are  available,  both  very 
specialized  ones  for  a  specific  part  of  the 
supply  chain  and  general  ones  with  a  high 
functionality in modeling and visualization of 
supply chain (Kelton et al., 2002; Kuhn and 
Robe,  1998).  They  used  an  agent  –  based 
approach,  where  each  member  optimizes  its 
own operations in the sense of an advanced 
planning  system.  But  there  is  no  interaction 
between simulation and optimization.  
The  general  description  of  the  supply  chain 
originates  from  case  study  about  a  supply 
chain  in  the  paper  industry  (Gronalt  et  al., 
2007).  Several  production  sites  are  used  to 
manufacture  different  paper  products,  which 
are  delivered  either  directly  or  via  hubs  to 
customers all over the world. The main task in 
this case study was to develop a 1 - year plan 
from production quantities and transportation 
links.  In  this  case  study  a  static  model  was 
developed,  which  was  used  to  get  rough 
estimates quickly. 
Inspired by this case study we formulate the 
following problem setting. The basis for our 
supply chain model is a predefined network, 
i.e.,  the  location  of  all  actors  and  the 
connections  between  them  are  given  within 
the  network  we  differentiate  between  three 
types  of  participants  connected  by 
transportation links: 
 Suppliers providing raw materials; 
 Customers  who  demand  certain 
products at a specific time; 
 Production/  warehouse  sites  where 
production,  stoking,  and  transshipment 
takes place. 
The whole supply chain is order – driven, that 
means  products  are  manufactured  or 
transported  only  if  a  subsequent  member  of 
the supply chain requests it so the origin for 
all  activities  is  the  predefined  deterministic 
demand of the customers. 
All activities are based on time periods, which 
might be days or shorter time periods. 
Module supplier. 
Simulation  model.  This  module  is  used  to 
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deliver  them  if  demanded.  It  has  one  input 
port  to  receive  orders  for  products  and  one 
output port to deliver products. If this module 
receives on order through the input port, then 
it sends the requested amount of products via 
the  output  port.  If  the  amount  exceeds  the 
current  inventory  level,  only  the  available 
amount  is  sent.  As  soon  as  new  products 
whole  order  has  been  fulfilled.  The  costs 
arising in this module are only inventory costs 
for storing products prior to delivery. These 
costs  may  have  any  user-defined  functional 
form.  According  to  the  given  parameters  in 
each period, new products are generated and 
added to the stock. 
Optimization  model.  We  also  developed  a 
simplified  representation  as  an  optimization 
model. We denote by JS the set of suppliers 
within a network, by P the set of products and 
by  T  the  number  of  periods.  The 
representation  of  the  supplier’s  behavior  in 
the optimization model can be formulated as 
follows (If  p and  t are  free indices,  i.e. not 
used  as  a  summation  index,  then  the  set  of 
equation is meant to be valid  
): 
 
, (1) 
out    
, (2) 
out          , (3) 
The overall cost of supplier i is denoted by 
, consisting only of the holding cost 
out  
(.) of the output inventory, expressed by the 
right – hand side of (1). Equations (2) are the 
inventory  balance  equations  for  the  output 
inventories 
out . The stock is diminished 
by  the  outflow  of  materials 
out ,  and 
increased by the given supply   teh last 
set  of  constrains  (3)  guarantees  that  the 
inventory level cannot be negative. 
The  simulation  and  optimization  model  are 
connected via the holding costs in (1) which 
represent the user-defined cost function in the 
simulation. 
 
 
Module customer 
Simulation  model.  According  to  a  given 
demand table, the customer places  orders at 
the production sites. Due to stochastic features 
within the simulation, it is not possible to time 
delivers exactly. Therefore the customer has 
an input inventory, which is used to satisfy the 
demand. The inventory level can be negative 
(shortage), as well as positive (oversupply). In 
both  cases  penalty  costs  occur,  which  are 
higher  for  shortages.  The  models  has  one 
output port for sending requests and one input 
port  for  receiving  products.  The  orders  are 
sent  either  according  to  the  demand  table 
(including  a  standard  delay  time  for 
transportation) or according to the solution of 
the optimization model. 
Optimization model. The organization model 
for the customers’ behavior can be written as 
follows (we denote by Jc the set of customers 
nodes in the supply chain network): 
, (4) 
, (5) 
 (6) 
In  (4)  we  calculate  the  cost  at  the  supplier 
which consists only of penalty cost for back 
orders  .  Equations  (5)  are  the 
inventory  balance  equations  where  the 
customers’ demands   are considered. It 
is assumed that all customers are just – in – 
time  customers.  Therefore,  constraints’  (6) 
ensure  that  no  oversupply  (positive  stock 
level) is possible, i.e. it is not allowed to send 
more  products  that  demanded  by  the 
customers.  This  JIT  (e.g.  just  –  in  -  time) 
assumption may be dropped and holding costs 
for  positive  stock  may  be  included.  In  the 
simulation  model  the  JIT  assumption  is 
weakened,  because  stochastic  transportation 
times may cause an unwanted early delivery. 
These early deliveries are penalized.  
The differences between the simulation model 
and  its  representation  as  on  optimization 
model are the penalty cost factors in (4) and 
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Connecting  the  optimization  with  the 
simulation  in  the  supply  chain.  In  order  to 
couple  the  optimization  model  and  the 
simulation model, we first have to define the 
required  data  and  the  way  they  should  be 
exchanged. We decided to use an MS Access 
database  to  store  all  necessary  information 
which is: 
 General  network  structure:  This 
includes  the  number  of  actors  in  the 
supply  chain  and  the  according  links 
between them. 
 General  parameters  used  in  the 
simulation  and  optimization  models: 
These  sets  of  parameters  include  all 
capacity  limitations,  resource 
parameters,  bill  –of  –materials, 
predefined supply at the suppliers, and 
predefined demand at the customers. 
 Results  of  the  optimization  model 
(parameters  for  the  simulation):  The 
results  of  the  optimization  used  as 
decision  rules  in  the  simulation  are 
production  and  transfer  quantities,  as 
well as  transportation amounts’. 
 Results  of  the  simulation  model 
(parameters for the optimization model): 
The  main  results  of  the  simulation 
experiments  used  in  the  optimization 
model are the cost  parameters  and the 
delays  for  production,  transfer  and 
transports. 
 
CONCLUSIONS 
 
Implementing  a  simulation  model  means  to 
arrange  the  according  modules  and  connect 
them. 
The whole supply chain is order – driven, that 
means  products  are  manufactured  or 
transported  only  if  a  subsequent  member  of 
the supply chain requests it so the origin for 
all  activities  is  the  predefined  deterministic 
demand of the customers. 
All activities in the supply chain are based on 
time periods, which might be days or shorter 
time periods. 
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